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(54) isolation and sequencing off liie liazei FA€i2-N gene 

(57) The invention relates to the isolation from hazel 
{Corylus avellana L) of the FAD2-N gene coding for the 
A12 desaturase enzyme of the microsomal fraction and. 
in particular, provides the nucleotide sequence and the 
deduced amino-actd sequence of the gene and pro- 
vides for its use as a prot>e for the isolation of other plant 
desaturases. it also relates to the use of this gene for 
altering the desaturase levels and oonsequentiy the 
fatty-add composition of the plant. 
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Description 

The present invention relates to the isolation from hazel {Coryius aveliana L) of the FAD2-N gene which codes for 
the A12 desaturase enzyme of the microsomal fraction. 

5 More particularly, the Invention relates to the nucleotide sequence, to the derived amino-acid sequence of the gene, 
and to its use as a probe for the isolation of other plant desaturases. It also relates to the use of this gene for altering 
the desaturase levels, and consequently the fatty-acid composition of the plant. 

Alteration of the fatty-acid composition may have various applications in the industrial field. One of the greatest 
problems with hazelnuts is that th^ become rancid by oxidation. This is due to the auto-oxidation of unsaturated lipids 

10 with the consequent formation of volatile suk>stances with a rancid odour which cannot easily be eliminated by the usual 
preservation systems. Amongst the possible strategies for reducing the tendency to become rancid, the best seems to 
be that of reducing the degree of unsaturation of the fatty acids present in the kernel oil, since susceptibility to auto- 
oxidation is positively correlated with this parameter, in fact, the rate of peroxide formation is correlated with the number 
of C=C double bonds in the fatty adds. The rate of auto-oxidation of the fatty acids in comparison with the oleate (18:1) 

IS is about 30 times greater in the linoleate (18:2) and 80 times greater in the linolenate (1 8:3). Moreover, the volatile sub- 
stances resulting from the degradation of the linoleate and of the linolenate have a lower threshold of perception tiian 
those derived from the oleate. A reduction In linoleic acid should reduce the availability of substrates for lipoxygenase, 
reduce the loss of vitamin E during preservation, and reduce the production of volatile sU>stances such as hexanals. 
In the angtosperms. most of the synthesis of polyunsaturated lipids takes place by m^s of a single enzyme, that 

20 is. A12 (or 0)6) desaturase (18:1 desaturase). of the endoplasmic reticulum, although tfiere is an 18:1 chloroplast desat- 
urase in the leaves of some plants. Moreover, this enzyme is responsible for more than 90% of the synthesis of polyun- 
saturated fatty acids in non-photosynthetic tissues such as, for exanple, in the kemels. The conversion of oleic acid 
(18:1) to linoleic acid (18:2) thus takes place by means of A12 desaturase. and from linoleic acid to linolenic actd (18:3) 
by means of A15 (or cd3) desaturase. 

25 It has been shown with mutants of Arabidopsis tiiat the FAD2 focus contains a gene which codes for the oleate 
desaturase enzyme of the endoplasmic reticulum (Okuley et al. 1994. The Plant Cell 6, 147-158). The FAD2 gene was 
in fact at>le to complement mutants of Acabidopsis which were deficient in desaturase activity of the endoplasmic retic- 
ulum. The gene coding for the same enzyme In soya has also recently been isolated and sequenced (Heppard et al. 
1995, Plant Physiol., in press). 

30 A reduction in tiie A12 desaturase levels should therefore lead to a reduction in the linoleic acid content and. as a 
secondary effect, probalsly also to a reduction in linolenic acid. In hazelnuts the percentage of linoleic acid varies from 
5 to 1 5%; tiie percentage of linolenic acid is from 0. 1 to 0.2%. A reduction in tiiese fatty adds should tiierefore be useful 
in the preservation of hazelnuts. Hiere is therefore deariy a need to isolate tfie gene which codes for the A12 de^tu- 
rase of the endoplasmic reticulum. The sequence of tiie gene could thus be used for gene inactivation in hazelnut ker- 

35 nets. This inactivation could be carried out either t3y the antisense technique (Smith et al. (1988) Nature 334. 724-726) 
or by the "transwitch" technique (Ravel! (1994) Proc. Nati. Acad. Sd. USA 91 . 3490-3496). In the antisense technique, 
the hazel would have to be transformed by the entire FAD2-N gene or by portions thereof, inserted in the opposite direc- 
tion to the regulating s^uences. In tiie *1ranswitoh" technique, tiie hazel wouki have to be transformed by an identica! 
copy of the FAD2-N gene. 

40 The subjects of the present invention are defined by the following claims. 

Embodiments of the present invention will now be described with reterence to tine following drawings, in which: 

Figure 1 shows the restriction map of tiie N2 genome done, 

45 Rgure 2 shows the nucleotide sequence of tiie hazel FAD2-N gene; the amino-add sequence of the coding portion 
is also shown; 

Figure 3 shows the nudeotide sequence of the "I" done of cDNA. 

^ Figure 4 shows a comparison between the nucleotide sequences of tiie "1" and "N2" donee, 

Rgure 5 shows a comparison between the amino^dds of the *'fM2" gene and A12 desaturases of Arabidopsis and 
of soya. 

55 Figure 6 shows the homology between hazel Al 2 desaturase and various desaturases of other plants both plastid 
and of the endoplasmic reticulum. 

Rgure 7 shows the expression of the N2 gene in various varieties of hazel both in the leaves and in the kernels. 
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Isolation and cloning of the FAD2 oene of Arabidoosis thafiana for use as a probe 

In order to isolate the gene which codes for hazel A12 desaturase enzyme, it was necessary to use the FAD2 gene 

of Arabldopsis as a protje. 

5 In order to isolate the Arabidopsis gene, two oligonucleotides were used as '^primers'* for the amplification of the 

sequences Included between the start and the end of the gene. TTie oligonucleotides used were N0CC1 (CTGAATTC- 
CAGGTQQAAGAATGCC) which contains the Eco Rl restriction site and the sequences corresponding to the portion 
between bases 100 and 1 16 of the gene (Okuley J. et al. 1994, The Plant Cell 6. 147-158) and NOCC4 (AGQAATTC- 
GACAATTTCTTCACCATCATQC) which contains the restriction site of the Eco Rl enzyme and the sequences comple- 

10 mentary to the portion between t>ase 1245 and base 1266. The amplification reaction was as follows: 12.8)il H20. 2.5^1 
10 X PGR buffer (Perldn Elmer). 2.5|yil Arabidopsis genome DNA(10 ng/l), IfU dNTP, each 2.5mM, 2^1 25mM Mga2. 1^1 
NOCC1 oligonucleotide (50ng/fil). Ijii N0CC4 oligonucleotide (SOng/jJil) 0.2^,1 Taq I DNA polymerase (Parkin Elmer) 
(5UAU)- The mixture thus prepared was sutsjected to 1 denaturing cycle for 1 minute at 94<*C and to 40 cycles composed 
as follows: 30 seconds at 94''C, 1 minute at 52''C. 2 nnnutes at 72**C. The amplification products were sepfivated on 1% 

IS agarose gel in TAE buffer (0.04M Tris-acetate. 0.002M EDTA) and stained with ethidium bromide at a concentration of 
0.5)ig/ml. The portion of gel containing the fragment of the expected length was withdrawn. In order to extract the DNA. 
lOpJ of Qiaex resin (Qiaex extraction kit firm Qiagen) were added for each 200mg of gel. The supplier's method was 
then followed. The DNA was then supplem^ed with a tenth of a volume of 10XH kxrffer (Boehringer) and 20 units of 
Eco Rl enzyme (Boehringer). After incubation overnight at Sy'C, the DNA was prec^>itated with 0.1 volumes of 5M 

20 NI-I4OAC and one volume of isopropanol. After 1 0 minutes at ambient temperature, the DNA was centrifuged for 20 min- 
utes at 14000 rpm and the prec^itate was washed with 70% ethanol. The DNA was resuspended in 15|ii of H2O. The 
concentration was determine on gel by comparison with a known standard. 

The amplified fragment was inserted in the pUCIS vector. A ligation mixture was prepared as follows: 1p.l pUC18 
plasmid DNA cut with Eco Rl (20ng), 1.5>il fragment amplified with NOCCI and 4 (25ng), lp.1 10X ligase buffer (Boe- 

25 hringer), Ijil T4 DNA ligase (lU/M (Boehringer), 4.5fil H2O. The reaction mixture was incutsated at 14''C for 12 hours. 
In order to prepare competent cells, the method based on the compound hexamino-oobalt chlorkie was used 
(Maniatis. Molecular cloning, 1989, Cold Spring Harbor Laboratory Press, 1.76-1 .81). 10|U of the ligation mixture were 
add^ to each aliquot of competent cells, defrosted on ice. After the cells had been Incubated on Ice for 30 minutes they 
were subjected to thermal shock at 42''C for 90 seconds and were then r^laced in ice for 60 seconds. After the addition 

so of 0.5 ml of SOC broth (2% Bactotryptone. 0.5% yeast extract, ^OTrM NaCI, 2.5mM KCI. lOmM i\/lgCl2, ZOnM glucose. 
pH7). the cells were tncut)at^ at 37^C with stirring for 90*. 100, 200 and 300 \i\ altquots were spread on plates contain- 
ing solid LB broth (lOgr/l NaQ. 10gr/l Bactotryptone, 5qt/\ yeast extract, pH7.5. 15gr/l agar) with the addition of 50Mg/ml 
of ampicillin and in the presence of IPTQ and X-Oai. The plates were then incubated at 37*0 overnight 

Some of the t^cterial colonies obtained were first analyzed for their plasmki content by a quick method (Maniatis, 

3S IVIolecular cloning. 1989. Cold Spring Hartx)r Laboratory Press. 1.32). The colonies containing a plasmid of the 
expected length were grown and their plasmid DNA extracted (Maniatis. Molecular cloning. 1989. Co\6 Spring Harbor 
Laboratory Press, 1 .33). Those containing a fragment of the exp^ed length (1160 t>p) were identifi^ by digestion of 
the plasmid DNA with Eco Rl. The El colony was seloAed. 

One end of the insert of the El colony was sequenced. The plasmid DNA of the El clone was denatured and par- 

40 tially sequenced by Sanger's method using the enzyme Sequenase and ^^S-dATP (Amersham). The sequencing prod- 
ucts were separated on 8% acrylamide. 8M urea, 1XTBE gel. After electrophoresis, the gel was dried and exposed 
overnight in contact with an autoradiographic plate (p max, Amersham). The sequence was compared with that pub- 
lished and was identical, identifying the Arabidopsto FAD2 gene in the cloned fragment 

4S Extraction of nucleic acids from hazel 

Hazelnuts of tiie Nocchione, Montebello and San Giovanni varieties were harvested when almost fully ripe. The 
kernel was skinn&j before t>eing used or frozen in liquid nitrogen. The leaves were harvested at a young stage and fro- 
zen in fiquid nitrogen. 3 ml of extraction buffer were used for each gram of vegetatrfe material with the use of the method 

so descrS)^ by Verwoerd et al. (Nud. Ac. Res.. 1989, 2362). Upon completion of the extraction, two selective precipita- 
tions were earned out by the addition of NaCI 2M. and 2 volumes of 95% ethanol to eliminate polysaccharides. The final 
pellet was resuspended in H2O. Further centrifuging was then carri^ out to eliminate any non-resuspend^ material. 

On the other hand, DNA was extracted from young leaves of the Nocchk>ne and Montebello varieties. The vegeta- 
ble tissue was pulverized in liquid nitrogen and the DNA extracted by the CTAB (REF) method. To eliminate the polysac- 

55 charides, NaCI 2M and 2 volumes of 95% ethanol were added. The samples were incubate for 15' at -80*'C and 
centrifuged for 15' at 4''C and 14000 rmp (Eppendori). This selective pr^xpitation was repeated twice and the final pel- 
let was resuspended in H2O. Further centrifuging was tfien carried out to eliminate any non-resuspended material. 
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ChecWnq of the probe on hazel DNA and RNA 

About 20^g of DNA of the Mont^ello and Nocchione varieties was cut with Eco Rl restriction enzyme in a volume 
of 300 ^1 in the presence of 400 units of enzyme and H buffer (Promega), with incubation for one night at 37^C. After 

5 digestion had been checked by gel electrophoresis of one twentieth of the reaction mixture, the samples were predpi' 
tated with ethanol and resuspended in 30|ii of H2O. TTie DNA was then subjected to electrophoresis on 0.7% agarose 
gel and transfened by capillarity onto nylon membrane (Southern blot) for one night in the presence of 20 x SSC (3M 
NaCI. 0.3M Na citrate). The membrane was drt^ in air for 30' and then fixed by UV treatment (1 20.000 jiJ/cm^). 

The Arabidopsis A12 desaturase gene was used as a probe. For this purpose, the plasmid DNA of the E1 done 

10 (5|ig) was cut with 20 units of Eco Rl in the presence of H buffer (Boehringer) in a volume of 30^1 for 12 hours at 37''C. 
The Insert of the clone was separated from the vector by electrophoresis on1% agarose gel and extracted from the gel 
with the use of Qiaex resin in accordance with the suppliers' instructions (Qiagen). The DNA was denatured for 1 0' at 
lOO^'C. cooled rapidly in dry ice. and mark^ by the random priming method with the use of 6000 Ci^mmol (o^^P dATP 
and the reagents of 6oehringer*s marking kit. 

15 The nylon membrane containing the hazel DNA was prehybridized for 1.5 hours at 55*C in standard buffer (5 x 
SSC, 0.1% (wA^ N-laurylsarcosine, 0.02% SDS. 1% blocking reagent solution) (10% blocking reagent solution: 10gr 
Boehringer blocking reagent in 150mM NaCI, lOOmM maiek; acid, pH7.5). The men^rane was then hytxidlzed with the 
Arabklopsb probe for one night eA SS^C, The non-hybrkfized probe was washed twtoe for 1 5* In 2 x SSC. 0. 1% SDS and 
twice fbr 1 5' each in 0.3 x SSC, 0. 1 % SDS. always at a temperature of 55'*C. The probe remained coupled to the homol- 

20 ogous sequences on the membrane was detects by autoradiography. 

The RNA extracted from the young leaves of tiie Montebello and Nocchione varieties and from the kemels of the 
San Giovanni variety was separate on denaturing gel in the presence of formamkJe and transferr^ to nylon mem- 
brane by Nortiiern blotting (Maniatis, Molecular cloning. 1989, CoM Spring Hart3or Laboratory Press. 7.43-7.45). 
40)ig/8ample of total RNA extracted from San Gkivanni kemels, Nocchtone leaves and Mont^llo leaves were used. 

25 60 pg of probe were used as a positive control. The RNA was toaded onto a 1% agarose gel in the presence of fonral- 
dehyde. The samples were then subjected to electrophoresis for 3 hours at 80 voHs in the presence of IxMOPS. The 
gel was rins^ in H2O and then stain^ with ethidium bromide 0.5 (tg/ml to di^lay the RNA. The RNA was then trans- 
ferr^ onto a nylon membrane (Boehringer) by "capillary blotting" in the presence of 20 x SSC throughout the night at 
4''C. After transfer, the membrane was dried on 3 MM paper and tiien fixed by aosslinking using UV light (Stratagene 

30 UV Stratalinker 120000 (uJ/cm^. The RNA was hybridised witii the Arabidopsis A1 2 desaturase probe as d^crS>ed for 
the DNA. Detection was carried out by autoradk>graphy. The heterologous Arabicbpsis prcbe was akale to display a 
band with a molecular weight of about 1500 bp In the hazel RNA and 3 bands of about 18, 8 and 2.8 kb in tiie hazel 
DNA cut with Eco Rt. 

35 CQnstrMCtipp Of a gene \^rm pf cPNA 

The gene library of cDN A was constructed from RNA from kemels han^est^ when almost fully ripe and taken from 
plants of the San GHcvanni variety. For this purpose, tiie Poly(A)-HiiRNA was isolated from the total RNA with tiie use 
of tiie Poly(A)Tract mRNA Isolation System II, in accordance with the metfiod provided by the firm Promega The ^m- 

40 pies were eluted in H2O and precipitated with 0. 1 volumes of 3M NaOAc and 3 volumes of 95% etiianol. After one night 
at -80''C. the RNA was centrifuged for 15* at 14000 rpm (Eppendorf), the pellet was rins^ in 75% ethanol and resus> 
pended in 10^1 of HgO. The concentration was read with a spectrophotometer and the yield was 3.2\ig of 
Poly(A)+mRNA per mg of total RNA. 

The messenger RNA polyadenilate derived from kernels of the San Giovanni variety was us^ as a template for the 

45 synthesis of complementary DNA (cDNA) witii the use of Boehringer's **cDNA synthesis kit" in accordance witii the 
method recommend^ by the suppliers. An extraction was th^ carried out with one volume of phenol:chloroform: iso- 
amyl alcohol (25:24:1). The cDNA was then purified in a Pharmacia column (cDNA ^un columns) after the addition of 
NaC1 100 mM. The tniffer used was tiie following: 10mM Tris-HQ pH 7.5, ImM EDTA. 150mM NaCl. Eco Rl "adaptors" 
(Pharmacia) were added to the ends of the cDNA The reaction mixture contained: 5\i\ of cDNA (half of the cDNA 

60 obtained from 6^g of Poly(A)+RNA), 10)il of ligase buffer 10 x (Promega). lOfU of Eco Rl adaptors (O-Olu/^l), 6 units of 
T4 DIMA ligase (Promega). in a final volume of 100|U. After incutsation fbr 12 hours at 12''C, the ligase enzyme was inac- 
tivated for 10' at es^'C. Phosphorylation of ttie adaptors then fbllow^ by the addition, to the lOOfil mixture, of 10^1 of 
lOOmM ATP and 10 units of T4 polynucleotide kinase. After incubation at 37^*0 for 30*. the enzyme was inactivatoi by 
incubation for 10* at 65**C. Purification was then carried out with one volume of phenol:chlorofbrm:tsoamyl alcohol 

55 (25:24:1). The cDNA was then purified from fragments of less than 400 t>p as follows. After the addition of NaCI to a 
final concentration of 0. 1 M NaCI, the cDNA was separated by chromatography in a column with S^arose CL-4B resin 
(Size prep 400 spun column, Pharmacia) according to the method suggested t)y the suppliers. The fragments of cDNA 
shorter than 400 bases were thus excluded. The cDNA was precipitated with one thirtieth of a volume of 3M NaOAc 
cmd 2 volumes of 95% ethanol. centrifuged and resuspended in 10^1 of I-I2O. 
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The cDN A was inserted in the k phage vector Zap II cut with Eco Rl and dephosphorylated (Stratagene) in the fol- 
lowing manner: 2^1 of cDNA (200 ng), 1|tl of X Zap II cut with Eco Rl (1»ig/|fiJ) (Stratagene), CSfil of T4 DNA Ligaae 
(4U/kiO (Promega), 0.5^1 of 10 x ligation Inrffer (Promega). 1|il of HgO. The reaction mi3Cture was incii}at6d for 14 hours 
at 12'*C. The mixture containing the cDNA inserted in the vector was used for the reconstruction of the phages with the 

5 use of Stratagene's Qigapack Qoid "in vitro packaging" kit. The gene library of phages thus obtained was constituted 
by about 300.000 pfu (plaque-forming units). In order to amplify the gene library. XL1 Blue MRF* cells were prepared as 
describe by Stratagene and used the same day. The gene libraries were plated at a concentration of afc)out 5000 pfu 
per plate (95 cm^). After growth, the phages were resuspended in SM (5.8gr/l NaCI, 2gr/l MgS04.7H20. SOnM 1M Tris 
Ha (pH 7.5). 5ml/l 2% gelatine) and, after the addition of chloroform to 5% and incubation for 15 minutes at ambient 

10 temperature, the cell debris was centrifuged for 1 0 minutes at 2000 x g. Chloroform to 0.3% was added to the superna- 
tant liquid and the phages were preserved at 4*^0. Aitquots were preserved at -TO^'C after the addition of OMQO to 7%. 
The gene library was titied. 

SoDsfiiMgHQn of ft pwtifll genome gene library 

IS 

The DNA of the Nocchione variety was digests with Eco Rl restriction enzyme and s^rated on agarose gel. The 
fragments with lengths of up to 10000 bp (base pairs) were isolated from the gel with the use of QIaex resin according 
to the Qiagen*s method. For cloning In the X vector Zap II, 400ng of DNA fragments were incut^ated with l^g of 
desphosphorylated X Zap II (Stratagene) in tiie presence of Itgase buffer and 1 .5 units of T4 DNA iigase (Promega) for 
20 12 hours at 14*'C. 

Stratagene's Gigapack Gold "in vitro packaging" kit was used in accordance wifli the suppliers* Instructions to make 
up the gene library. The gene library of phages thus produced was amplifi^ as described for the cDNA gene library. 
The complexity of the gene library was 1.500,000 clon^. This gene library was also amplified. 

25 Screening of the cDNA gene lityary 

PtooxA 250.000 phages of the cDNA gene library were plat^ on LB broth in the presence of XL1 Blue MRP cells, 
divide into 12 plates each containing 20.000 pfu. After growth, the phages were transfen'Kl onto nylon membranes 
and their denatured DNA was fixed on the meni)ranes as descrbed by Boehringer for screening with non-radioactive 

30 probes. The menr^ranes were then hybridized with the Arabidopsis A1 2 desaturase gene. The probe was prepared by 
the isolsrtion of the insert containing the entire coding region of the gene from the plasmkl. The insert was then marked 
witii digoxigertin-dUTP witti ttie use of Boehringers "DNA labelling kit". Prehybridization was can'ied out in standard 
buffer (Boehringer) and hybridization was carried out in the same txxffer with the addition of the Arab/dops/s probe at a 
concentration of lOng/ml and at a temperature of 55*^0. 

35 After washing twice in 2xSSC. 0.1% SDS for 5 minutes at amt>ient temperature and washing twice in 0.3xSSC. 
0.1%SDS at 55*'C, detection was carried out with the use of an anti-digoxigenin antfoody conjugated wHh alkaline phos- 
phatase (Boehringer) and a chemiluminescent substrate (AMPPD, Boehringer). 

1 1 positive phage plaques were Identif i^. These were isolated, the phages resu^nd^ in and titi^. From 50 
to 200 phages were plated for each positive plaque. The plaques were transferred onto nylon membranes and sub- 

40 jected to a second hybridization with the Arabktopsis A12 desaturase probe, as already described abova The following 
cfones which could hybrkiize with the Acabkhpsis A12 desaturase gene were obtained from the second screening: I, 
F.4. 

Screer^ing of thg gfflQm^ g^e library 

45 

The gene library of Nocchione DNA was subjected to screening in the same way as the cDNA gene Iflsrary. 
1.600.000 phages were plated, divided into 40 plates. After growth, they were transferred to nylon membranes as 
descrb^ for the cDNA gene Itorary The memtxanes were then hytxidiz^ with the Arabidopsis A1 2 desaturase gene 
as descrit>ed for tiie cDN A gene library Autoradiography of the membranes showed 9 positive plaque. These plaques 
so were isolated, titied and subjected to a second saeening. 6 plaques were re-confirmed as positive. 4 of these gave a 
very strong signal. 

Apfliygig of the cipnp? isoiatgcj 

• 55 The following positive phage clones were converts into ptasmids by in vivo excision in accordance with the 
method suggested by Stratagene (Gigapack Gold in vitro packaging) : I. F. 4 (cDNA gene library). N2. N1 1 . N17. N18. 
N21. N25 (genome gene library). 

The plasmki DNA of the dones of the cDNA gene library was isolated and the lengtii of the insert analyzed by 
digestion witti Eco Rl. The plasmid DNA of the genome dones was isolated, ttie length of the insert analyzed by cutting 
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with restriction enzyme, and the clones rechecked by hybridization with the Arabidopsis probe. Figure 1 shows the map 
of the N2 genome done. 

Sequencing 

5 

The N2 clone was selected from the genome clones. For sequencing, the insert was fragmented with Sau3A 
restriction enzyme and the fragments obtained were subcloned in pUC18 vector cut with BamlHi (Maniatis, Molecular 
cloning, 1 989, Cold Spring Harbor l.aboratory Press. 1 .68-1 .69). The clones obtained were analyzed both for the length 
of the insert and by hybridization with the Arabkhpsis probe. Since the N2 insert was 2.8 l<b and hence longer than the 

10 A12 desaturase gene, the hyt)ridization excluded the clones containing sequences outside the gene. The insert of the 
I. F. 4 and N2 clones was isolated and sequenced with the use of the Sequenase kit and (35S)dATP. All of the clones 
(cDNA and genome) were first sequenced at the ends with the use of primers which coukl couple with the vector In both 
orientations. In order to complete the internal regions and to assemble the fragments of the N2 genome clone, internal 
oligonudeotkles were then designed and synthesized and were used for the sequencing. The fbltowing tal3le shows the 

15 sequences of the internal oligonucleotides: 



. } 20 
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OLIGONUCLEOTIDE 


SEQUENCE 


N2-3SS 


CAG ACC AGC ATC CGA GAG 


N2-3SD 


GQ A TTQ GCT TAG QGQ GGC 


N2-29RS 


GCC AAC CAT QTC ATC AAC CC 


NOCCS 


ATG GTA GAG AAG AGA TGG TG 


COL 


CTG GTG GOT TGT TGA AG 


N2-81N 


GG A GAG GTC ATA AAC AAC 



The I and F clones were sequenced entirely As far as the N2 done is concemed, only the regions corresponding 
to the gene were sequenced. Rgures 2 and 3 show their sequence. The I and F cDNA dones were identical. A com- 
parison between I and the N2 genome done showed the same sequence (Fig. 4), indk»ting that N2 contains the gene 
which codes for the cDNA of the I done. 

35 

Comparison between the oene isdated and ot her desaturases 

The nudeotide and arrano-add sequence of the N2 clone was compared with other desaturases (Figure 6). The 
greatest homology was with the two A12 desaturases of the endoplasmic reticulum and with a hydroxylase of ridn 
40 which uses the same substrate as A12 desaturase. Homology with the plastid A12 desaturases and with both the plas- 
ttd and endoplasmic reticulum A15 desaturases was, however, much kswer. Rgure 5 shows the comparison between 
the amino-add sequence of hazel A12 and those of Arabidopsis and soya. 

Cheddno of the expression of the hazel A 12 desaturase gene 

45 

RNA was extraded from Kernels of the San Giovanni, Montebello and NoccN'one varieties and from leaves of the 
Montebello and Nocchione varieties. After separation on agarose gel. the RNA vvas transferred onto a nylon membrane 
and hybridized with the insert of the I done martod with digoxigenin. The result is shown in Figure 7, in which a band 
is visible in the kernel RNA but not in that of the leaves. 
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SEQUENCE LISTING 
(1) GENERAL INFORMATION: 

5 

(i) APPLICANT: 

(A) NAME: SOREMARTEC S.A. 

(B) STREET: Dreve de 1 'Arc-en-Ciel 102 

(C) CITY: Arlon-Schoppach 
,0 (E) COUNTRY: Belgium 

(F) POSTAL CODE (ZIP): 6700 

(ii) TITLE OF INVENTION: Isolation and sequencing of the 
hazel FAD2~N 

gene 
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30 



40 



45 



(ill) NUMBER OF SEQUENCES: 4 



(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 
20 (B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patent In Release #1.0, Version #1,30 

(EPO) 



(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: CH 0550/96 

(B) FILING DATE: 04-MAR-1996 



(2) INFORMATION FOR SEQ ID NO: 1: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1662 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 
35 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Corylus avellana cv. Nocchione 
(F) TISSUE TYPE: leaves 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: N2 

(ix) FEATURE: 
so (A) NAME/KEY: CDS 

(B) LOCATION: 222. . 1370 

(D) OTHER INFORMATION :/product= "delta-12 deeaturase" 
/gene= ""Fad2"" 

$5 



7 



EP0 794 250A1 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

CCTCATAAAA AAGTAAGCTC ATTTACCTCA AGTAGGGTTT CCTTATGACA AATGAGTCCC 
60 

GCAATCCTTT TCTATGAGGT GCTATAATTG CAAATGTCCA AATCATAGGG ATATGGATCC 
120 

AAATACTATT AATATTATGT AGTGTGTTTT TTTTTTTCCC TCAAATTTAC TCTCACACCT 
180 

AAGTTGATTT TCTCCAGCAT TGGACATAGC CTCTGTAGAC A ATG GGA GCT AGA 
233 

Met Gly Ala Arg 

1 

AGC CGA ATG CCT GCT ACC AAC AAG CCT AAA GAG CAA AAA ACA CCC ATC 
281 

Ser Arg Met Pro Ala Thr Asn Lys Pro Lys Glu Gin Lys Thr Pro lie 
5 10 15 20 

CAG CGA GCA CCA CAC ACA AAA CCC CCA TTC ACT CTT AGC CAA CTC AAG 
329 

Gin Arg Ala Pro His Thr Lys Pro Pro Phe Thr Leu Ser Gin Leu Lys 
25 30 35 

AAA GCC GTC CCA CCC AAT TGT TTC CAA CGC TCT CTC CTA CGC TCG TTC 
377 

Lys Ala Val Pro Pro Asn Cys Phe Gin Arg Ser Leu Leu Arg Ser Phe 
40 45 50 

TCA TAT GTT GTT TAT GAC CTC TCC TTA GCC TTC CTC TTC TAG TAT ATT 
425 

Ser Tyr val Val Tyr Asp Leu Ser Leu Ala Phe Leu Phe Tyr Tyr lie 
55 60 65 

GCT ACC TCT TAG TTC CAT CTC CTC CCT CAC CCC CTT TCC TAC TTG GCA 
473 

Ala Thr Ser Tyr Phe His Leu Leu Pro His Pro Leu Ser Tyr Leu Ala 

70 75 80 

TGG TCA ATC TAT TGG GCT CTC CAA GGC TGC ATT CTC ACC GGC GTT TGG 
521 

Trp Ser lie Tyr Trp Ala Leu Gin Gly Cys lie Leu Thr Gly Val Trp 
85 90 95 100 
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GTC ATC GCA CAT GAG TGC GGT CAC CAT GCC TTT AGT GAC TAC CAA TGG 
569 

Val lie Ala His Glu Cys Gly His His Ala Phe Ser Asp Tyr Gin Trp 
* 105 110 115 

GTT GAT GAC ATG GTT GGC CTA ACC CTT CAC TCT GCT CTT TTA GTT CCA 
617 

10 Val Asp Asp Met Val Gly Leu Thr Leu His Ser Ala Leu Leu Val Pro 

120 125 130 



TAC TTT TCA TGG AAG ATT AGC GAC TGT CGC CAC GAC TCT AAC ACC GGC 
665 

Tyr Phe Ser Trp Lys lie Ser His Cys Arg His His Ser Asn Thr Gly 
135 140 145 

TCC CTT GAC CGA GAT GAG GTG TTT GTC CCC AAG CCG AAA TCC AAA ATG 
713 

Ser Leu Asp Arg Asp Glu Val Phe Val Pro Lys Pro Lys Ser Lys Met 
150 155 160 

CCA TGG TTT TCT AAG TAC TTC AAC AAC CCA CCA GGT AGG GTC CTC ACT 
761 

Pro Trp Phe Ser Lys Tyr Phe Asn Asn Pro Pro Gly Arg Val Leu Thr 

165 170 175 180 

CTT TTG ATC ACA CTC ACT CTA GGC TGG CCC TTG TAC TTA GCC TTG AAT 
809 

35 Leu Leu lie Thr Leu Thr Leu Gly Trp Pro Leu Tyr Leu Ala Leu Asn 

185 190 195 



IS 



20 



2S 



30 



40 



45 



SO 



ss 



GTT TCT GGC CGA CCC TAT GAT CGT TTT GCT TGC CAC TAT GAT CCC TAT 
857 

Val Ser Gly Arg Pro Tyr Asp Arg Phe Ala Cys His Tyr Asp Pro Tyr 
200 205 210 

GGC CCC ATT TAT TCC AAT CGC GAA AGG TGT CAA ATA TTT GTC TCG GAT 
905 

Gly Pro lie Tyr Ser Asn Arg Glu Arg Cys Gin He Phe Val Ser Asp 
215 220 225 

GCT GGT GTC TTT GCT ACA ACT TAT GTG CTT TAC TAC GCA GCA ATG TCA 
953 



9 



EP0794250A1 

Ala Gly Val Phe Ala Thr Thr Tyr Val Leu Tyr Tyr Ala Ala Met Ser 
230 235 240 

5 

AAA GGG CTG GCA TGG CTT GTA TTC ATT TAT GGT ATG CCA TTG CTC ATA 
1001 

Lys Gly Leu Ala Trp Leu Val Phe He Tyr Gly Met Pro Leu Leu He 
^0 245 250 255 260 

GTG AAT GGC TTC CTT GTA TTA ATC ACC TAC TTG CAG CAC ACT CAC CCT 
1049 

Val Asn Gly Phe Leu Val Leu He Thr Tyr Leu Gin His Thr His Pro 



15 



25 



30 



35 



45 



so 



55 



265 270 275 



GCA TTG CCG CAC TAT GAC TCA TCA GAA TGG GAT TGG CTT AGG GGG GCA 
20 1097 

Ala Leu Pro His Tyr Asp Ser Ser Glu Trp Asp Trp Leu Arg Gly Ala 

280 285 290 



TTG GCG ACG GCG GAT AGA GAT TAC GGA ATG CTG AAT AAG GTT TTC CAC 
1145 

Leu Ala Thr Ala Asp Arg Asp Tyr Gly Met Leu Asn Lys Val Phe His 
295 300 305 

AAT ATC ATA GAC ACC CAT GTG GCT CAC CAT CTC TTC TCT ACC ATG CCT 
1193 

Asn lie He Asp Thr His Val Ala His His Leu Phe Ser Thr Met Pro 
310 315 320 



CAT TAC CAT GCA ATG GAA GCC ACC AAA GCA ATC AAG TCA ATA TTG GGC 
1241 

4o His Tyr His Ala Met Glu Ala Thr Lys Ala He Lys Ser He Leu Gly 

325 330 335 340 



AAA TAC TAC CAG TTT GAT GGC ACT CCA GTT TAC AAG GCA GTG TGG AGG 
1289 

Lys Tyr Tyr Gin Phe Asp Gly Thr Pro Val Tyr Lys Ala val Trp Arg 
345 350 355 

GAG GCT AAA GAG TGC CTT TAT GTT GAG TCG GAC GAG GGG GCC CCT AAC 
1337 

Glu Ala Lys Glu Cys Leu Tyr Val Glu Ser Asp Glu Gly Ala Pro Asn 



10 
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360 365 370 

AAA GGT GTT TTC TGG TAT CAG AGC AAG CTG TGA TATTGGCTGG ATAGAGCCAA 
1390 

Lys Gly Val Phe Trp Tyr Gin Ser Lys Leu * 
375 380 

AGAAAATGTG ATTAGTAAGG TAGTGTCTTT GGTCAGTTTG GTGTGTTAAG GAACAAATAA 
1450 

TAATAATTAG CGACTATGAA TAGTTATTGT TAAACAAAAT TCACCCTTAT GTTTAGCAGG 
IS 1510 

AACTTTTCTG GCTACACTTT TTTTCGTATG AAAAGCGCAT ATTTTTTAAT TGTTATATTG 
1570 

TTTTGACATT ACTCAAGCTT CAAAATTAAT ATCACAGAAA ATATCCAATG TCGAAGGTTT 
^ 1630 

CATTGTAGGT TGAAAACTTT ATATTGAGGT GG 
1662 



25 



40 



45 



(2) INFORMATION FOR SEQ ID NO: 2: 



<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 383 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

OS Met Gly Ala Arg Ser Arg Met Pro Ala Thr Asn Lys Pro Lys Glu Gin 

15 10 15 



Lys Thr Pro lie Gin Arg Ala Pro His Thr Lys Pro Pro Phe Thr Leu 
20 25 30 

Ser Gin Leu Lys Lys Ala Val Pro Pro Asn Cys Phe Gin Arg Ser Leu 
35 40 45 

Leu Arg Ser Phe Ser Tyr Val Val Tyr Asp Leu Ser Leu Ala Phe Leu 
50 55 60 



Phe Tyr Tyr lie Ala Thr Ser Tyr Phe His Leu Leu Pro His Pro Leu 
65 70 75 80 

Ser Tyr Leu Ala Trp Ser lie Tyr Trp Ala Leu Gin Gly Cys lie Leu 
85 90 95 

55 
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Thr Gly Val Trp Val He Ala His Glu Cys Gly His His Ala Phe Ser 
100 105 110 

^ Asp Tyr Gin Trp Val Asp Asp Met Val Gly Leu Thr Leu His Ser Ala 

115 120 125 

Leu Leu Val Pro Tyr Phe Ser Trp Lys He Ser His Cys Arg His His 
10 130 135 140 

Ser Asn Thr Gly Ser Leu Asp Arg Asp Glu Val Phe Val Pro Lys Pro 
145 150 155 160 



IS 



20 



25 



40 



45 



SO 



65 



Lys Ser Lys Met Pro Trp Phe Ser Lys Tyr Phe Asn Asn Pro Pro Gly 
165 170 175 

Arg Val Leu Thr Leu Leu He Thr Leu Thr Leu Gly Trp Pro Leu Tyr 
180 185 190 

Leu Ala Leu Asn Val Ser Gly Arg Pro Tyr Asp Arg Phe Ala Cys His 
195 200 205 

Tyr Asp Pro Tyr Gly Pro He Tyr Ser Asn Arg Glu Arg Cys Gin He 
210 215 220 



Phe Val Ser Asp Ala Gly Val Phe Ala Thr Thr Tyr Val Leu Tyr Tyr 
30 225 230 235 240 

Ala Ala Met Ser Lys Gly Leu Ala Trp Leu Val Phe He Tyr Gly Met 
245 250 255 

35 Pro Leu Leu He Val Asn Gly Phe Leu Val Leu He Thr Tyr Leu Gin 

260 265 270 



His Thr His Pro Ala Leu Pro His Tyr Asp Ser Ser Glu Trp Asp Trp 
275 280 285 

Leu Arg Gly Ala Leu Ala Thr Ala Asp Arg Asp Tyr Gly Met Leu Asn 
290 295 300 

Lys Val Phe His Asn He He Asp Thr His Val Ala His His Leu Phe 
305 310 315 320 

Ser Thr Met Pro His Tyr His Ala Met Glu Ala Thr Lys Ala He Lys 
325 330 335 

Ser He Leu Gly Lys Tyr Tyr Gin Phe Asp Gly Thr Pro val Tyr Lys 
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340 345 350 

Ala Val Tip Arg Glu Ala Lys Glu Cys Leu Tyr Val Glu Ser Asp Glu 
355 360 365 

Gly Ala Pro Asn Lys Gly Val Phe Trp Tyr Gin Ser Lys Leu * 
370 375 380 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1133 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: CDNA tO ITlRNA 

^ (iii) HYPOTHETICAL: NO 

(iv) ANTI -SENSE: NO 

(V) FRAGMENT TYPE: C-terminal 

25 (vi) ORIGINAL SOURCE: 

(A) ORGANISM: Corylus avellana L. cv. San Giovanni 
<D) DEVELOPMENTAL STAGE: Seed, storage deposition stage 



(vii) IMMEDIATE SOURCE: 
(B) CLONE: I 

(ix) FEATURE: 

(A) NAME/KEY: mRNA 

(B) LOCATION: 1- ,1133 

(D) OTHER INFORMATION: /partial 
/gene* "Fad2" 



(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION:! • .1019 

(D) OTHER INFORMATION: /partial 
40 /codon_start= 3 

/product = "delta- 12 desaturase** 
/gene« "Fad2" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

TC CAA CGC TCT CTC CTA CGC TCG TTC TCA TAT GTT GTT TAT GAC CTC 
47 

Gin Arg Ser Leu Leu Arg Ser Phe Ser Tyr Val Val Tyr Asp Leu 
385 390 395 

TCC TTA 6CC TTC CTC TTC TAC TAT ATT GCT ACC TCT TAC TTC CAT CTC 
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95 

Ser Leu Ala Phe Leu Phe Tyr Tyr lie Ala Thr Ser Tyr Phe His Leu 
400 405 410 

CTC CCT CAC CCC CTT TCC TAC TTG GCA TGG TCA ATC TAT TGG GCT CTC 
143 

Leu Pro His Pro Leu Ser Tyr Leu Ala Trp Ser lie Tyr Trp Ala Leu 

415 420 425 430 

CAA GGC TGC ATT CTC ACC GGC GTT TGG GTC ATC GCA CAT GAG TGC GGT 
191 

Gin Gly Cys lie Leu Thr Gly Val Trp Val He Ala His Glu Cys Gly 
435 440 445 

CAC CAT GCC TTT AGT GAC TAC CAA TGG GTT GAT GAC ATG GTT GGC CTA 
239 

His His Ala Phe Ser Asp Tyr Gin Trp Val Asp Asp Met Val Gly Leu 

450 455 460 

ACC CTT CAC TCT GCT CTT TTA GTT CCA TAC TTT TCA TGG AAG ATT AGC 
287 

Thr Leu His Ser Ala Leu Leu Val Pro Tyr Phe Ser Trp Lys He Ser 
465 470 475 

CAC TGT CGC CAC CAC TCT AAC ACC GGC TCC CTT GAC CGA GAT GAG GTG 
335 

His Cys Arg His His Ser Asn Thr Gly Ser Leu Asp Arg Asp Glu Val 
^ 480 485 490 

TTT GTC CCC AAG CCG AAA TCC AAA ATG CCA TGG TTT TCT AAG TAC TTC 
383 

40 Phe Val Pro Lys Pro Lys Ser Lys Met Pro Txrp Phe Ser Lys Tyr Phe 

495 500 505 510 



10 
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AAC AAC CCA CCA GGT AGG GTC CTC ACT CTT TTG ATC ACA CTC ACT CTA 
431 

Asn Asn Pro Pro Gly Arg Val Leu Thr Leu Leu He Thr Leu Thr Leu 
515 520 525 

GGC TGG CCC TTG TAC TTA GCC TTG AAT GTT TCT GGC CGA CCC TAT GAT 
479 

Gly Trp Pro Leu Tyr Leu Ala Leu Asn Val Ser Gly Arg Pro Tyr Asp 



14 
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530 535 540 

CGT TTT GCT TGC CAC TAT GAT CCC TAT GGC CCC ATT TAT TCC AAT CGC 
527 

Arg Phe Ala Cys His Tyr Asp Pro Tyr Gly Pro lie Tyr Ser Asn Arg 
545 550 555 

GAA AGG TGT CAA ATA TTT GTC TCG GAT GCT GGT GTC TTT GCT ACA ACT 
575 

Glu Arg Cys Gin He Phe Val Ser Asp Ala Gly Val Phe Ala Thr Thr 
560 565 570 

TAT GTG CTT TAG TAG GCA GCA ATG TCA AAA GGG CTG GCA TGG CTT GTA 
623 

Tyr Val Leu Tyr Tyr Ala Ala Met Ser Lys Gly Leu Ala Trp Leu Val 
575 580 585 590 



TTC ATT TAT GGT ATG CCA TTG CTC ATA GTG AAT GGC TTC CTT GTA TTA 
671 

25 Phe He Tyr Gly Met Pro Leu Leu He Val Asn Gly Phe Leu Val Leu 

595 600 605 



ATC ACC TAC TTG CAG CAC ACT CAC CCT GCA TTG CCG CAC TAT GAC TCA 
719 

He Thr Tyr Leu Gin His Thr His Pro Ala Leu Pro His Tyr Asp Ser 
610 615 620 

TCA GAA TGG GAT TGG CTT AGG GGG GCA TTG GCG ACG GCG GAT AGA GAT 
767 

Ser Glu Trp Asp Trp Leu Arg Gly Ala Leu Ala Thr Ala Asp Arg Asp 
625 630 635 

TAC GGA ATG CTG AAT AAG GTT TTC CAC AAT ATC ATA GAC ACC CAT GTG 
815 

Tyr Gly Met Leu Asn Lys Val Phe His Asn He He Asp Thr His Val 
640 645 650 

GCT CAC CAT CTC TTC TCT ACC ATG CCT CAT TAC CAT GCA ATG GAA GCC 
863 

Ala His His Leu Phe Ser Thr Met Pro His Tyr His Ala Met Glu Ala 
655 660 665 670 
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ACC AAA GCA ATC AAG TCA ATA TTG GGC AAA TAC TAG CAG TTT GAT GGC 
911 

Thr Lys Ala lie Lys Ser lie Leu Gly Lys Tyr Tyr Gin Phe Asp Gly 
675 680 685 

ACT CCA GTT TAC AAG GCA GTG TGG AGG GAG GCT AAA GAG TGC CTT TAT 
959 

Thr Pro Val Tyr Lys Ala Val Trp Arg Glu Ala Lys Glu Cys Leu Tyr 
690 695 700 

IS GTT GAG TCG GAC GAG GGG GCC CCT AAC AAA GGT GTT TTC TGG TAT CAG 

1007 

Val Glu Ser Asp Glu Gly Ala Pro Asn Lys Gly Val Phe Trp Tyr Gin 



5 



10 



20 



25 



30 



40 



SO 



705 710 715 

AGC AAG CTG TGA TATTGGCTGG ATAGAGCCAA AGAAAATGTG ATTAGTAAGG 

1059 
Ser Lys Leu * 
720 

TAGTGTCTTT GGTCAGTTTG GTGTGTTAAG GAACAAATAA TAATAATTAG CGACTATGAA 
1119 

TAGTTATTGT TAAA 
1133 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 339 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Gin Arg Ser Leu Leu Arg Ser Phe Ser Tyr Val Val Tyr Asp Leu Ser 
15 10 15 

Leu Ala Phe Leu Phe Tyr Tyr lie Ala Thr Ser Tyr Phe His Leu Leu 
20 25 30 

Pro His Pro Leu Ser Tyr Leu Ala Trp Ser lie Tyr Trp Ala Leu Gin 
35 40 45 

Gly Cys lie Leu Thr Gly Val Trp Val He Ala His Glu Cys Gly His 



16 



EP0794 250A1 



50 55 60 

His Ala Phe Ser Asp Tyr Gin Trp Val Asp Asp Met Val Gly Leu Thr 
65 70 75 80 

Leu His Ser Ala Leu Leu Val Pro Tyr Phe Ser Trp Lys lie Ser His 
85 90 95 

Cys Arg His His Ser Asn Thr Gly Ser Leu Asp Arg Asp Glu Val Phe 
100 105 110 

Val Pro Lys Pro Lys Ser Lys Met Pro Trp Phe Ser Lys Tyr Phe Asn 
115 120 125 

Asn Pro Pro Gly Arg Val Leu Thr Leu Leu lie Thr Leu Thr Leu Gly 
130 135 140 

Trp Pro Leu Tyr Leu Ala Leu Asn Val Ser Gly Arg Pro Tyr Asp Arg 
145 150 155 160 

Phe Ala Cys His Tyr Asp Pro Tyr Gly Pro lie Tyr Ser Asn Arg Glu 
165 170 175 

Arg Cys Gin lie Phe Val Ser Asp Ala Gly Val Phe Ala Thr Thr Tyr 
180 185 190 

Val Leu Tyr Tyr Ala Ala Met Ser Lys Gly Leu Ala Trp Leu Val Phe 
195 200 205 

^ He Tyr Gly Met Pro Leu Leu He Val Asn Gly Phe Leu Val Leu He 

210 215 220 
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Thr Tyr Leu Gin His Thr His Pro Ala Leu Pro His Tyr Asp Ser Ser 
225 230 235 240 

Glu Trp Asp Trp Leu Arg Gly Ala Leu Ala Thr Ala Asp Arg Asp Tyr 
245 250 255 

Gly Met Leu Asn Lys Val Phe His Asn He He Asp Thr His Val Ala 
260 265 270 

His His Leu Phe Ser Thr Met Pro His Tyr His Ala Met Glu Ala Thr 
275 280 285 

Lys Ala He Lys Ser He Leu Gly Lys Tyr Tyr Gin Phe Asp Gly Thr 
290 295 300 
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Pro Val Tyr Lys Ala Val Trp Arg Glu Ala Lys Giu Cys Leu Tyr Val 
305 310 315 320 

Glu Ser Asp Glu Gly Ala Pro Asn Lys Gly Val Phe Trp Tyr Gin Ser 

325 330 335 



Lys Leu * 



10 



is Claims 

1 . A fragment d DNA from hazel {Corylus avellana L) oomprieing the nucleotide sequence shown in Figure 2. 

2. A DNA fragment comprising the nucleotide sequence shewn in Figure 2 from base 222 to base 1367, which codes 
20 for the hazel A1 2 desaturase enzyme of the endoplasnrvc reticulum or for a horrK>logou8 sequence which can code 

for the same amino-acid sequence. 

3. A nucleotide sequence coding for a protein or peptide having an amirx>-acid homology greater than or equal to 80% 
and preferaksly greater than 90% with the hazel A12 desaturase enzyme of the endoplasmic reticulum of Claim 2 

^ arxJ having the function of the said enzyme. 

4. A recombinant DNA sequence comprising a DNA sequence according to Claims 1 , 2 and 3. or a portion of such a 
sequence, together with sequences regulating expression. 

30 5. A recombinant DNA molecule comprising a cloning vector in which a DNA sequence according to any one of 
Claims 1» 2, 3 and 4 is inserted. 

6. A DNA molecule according to Claim 5, in which the cloning vector is a plasmid or a phage. 

35 7. A DNA molecule according to Claim 4 or Claim 5 having the restriction map shown In Figure 1 . 

8. A host organism including a recombinant DNA molecule according to any one of Claims 3 to 6. 

9. A host organism according to Claim 8. selected from a vegetable cell.an animal cell, and a micro-organism. 

40 

10. A genetically modified organism capat>le of expressing the FAD2-N gene, having the amino-acid sequence shown 
in Rgure 2 from t3p 222 to bp 1367. portions of this gene, or this gene conjugated with other molecules and con- 
taining sequences which can inactivate endogenous genes. 

45 1 1 . A hazel A1 2 desaturase enzyme of the endoplasmic reticulum having tiie amino-add sequence shown in Rgure 2 
in substantially pure form. 

12. A fusion polypeptide comprising the amino-acid sequence of the enzyme of Claim 1 1 Jn which the amino-acids 
additivety connected thereto do not interfere with the desaturase activity or can easily be eliminated. 

so 

13. The use of the FAD2-N gene coding for the hazel A12 desaturase enzyme of the endoplasmic reticulum or of por- 
tions thereof for the isolation of enzymes having the function of hazel desaturase or of the desaturase of another 
spedes. 

55 14. The use of the nucleotide sequences of the FAD2-N gene shown in Rgure 2 for tiie consfruction of expression sys- 
tems which can alter the fatty-acid content in hazel. 
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Eco Rl BamHl Hindlll BamHI Eco Rl 

I L ,-JLJ 

1 I ^ CDS ^1 

1000 2000 2800 bp 



Pig. 1 - Restriction map of the genomic clone "N2". CDS: 
coding region; bp: base pair. 
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Pig. 2 - Nucleotide sequence of the gene FAD2-N corresponciing 
to an internal fragment of the genomic clone ^^N2". Aminoacid 
residues of the coding region are also reported. 

CCTCATAAAAAAGTAAGCTCATTTACCTCAAGTAGQGTTTCCTTATGACAAATGAGTCCC 60 
GGAGTAfTTTTTCATTCGAGTAAATGGAGTTCATCCCAAAGGAATACTGTTTACTCAGGG 



GCAATCCTTTTCTATGAGGTGCTATAATTGCAAAT6TCCAAATCATAGGGATATGGATCC 120 
CGTTA6GAAAAGATACTCCACGATATTAACGTTTACAGGTTTAGTATCCCTATACCTAGG 



AAATACTATTAATATTATGTAGTGTGTTTTTTTTTTTCCCTCAAATTTACTCTCACACCT ISO 
TTTATGATAATTATAATACATCACACAAAAAAAAAAAGGGAGTTTAAATGAGAGTGTGGA 

AAGTTGATTTTCTCCAGCArTGGACATAGCCTCTGTAGACAATGGGAGCTAGAAGCCGAA 2^0 
TTCAACTAAAAGAGGTCGTAACCTGTATCGGAGACATCTGTTA.CCCTCGATCTTCGGCT7 

Met Giy Ala Arc Ser Arc 

7GCCTGCTACCAACAAGCCTAAAGAGCAAAAAACACCCATCCAGCGAGCACCACACACAA 300 
ACGGACGATGGTTGtTCGGATTTCTCGTTTTTTGTGGGTAGGTCGCTCGTGGTGTGTGTT 

Met Pro Ale Tnr Asn Lys Pro tys Giu Gin Lys Tr.r Pre lie Gin Arc Ale Pro Thr 

AACCCCCATTCACTCTTAGCCAACTCAAGAAAGCCGTCCCACCCAATTGTTTCCAACGCr 350 
TTGGGGGTAAGTGAGAATCGGTTGAGTTCTTTCGGCAGGGTGGGTTAACAAAGGTTGCGA 

Lys Pro Pro Phe Thr Leu Ser Gin Leu Lys Lys Aic Vcl Pro Pro Asn Cys Pne Gin Arc 

CTCTCCTACGCTCGTTCTCATATGTTGTTTATGACCTCTCCTTAGCCTTCCTCTTCTACT ^20 
GAGAGGATGCGAGCAAGAG TAT AC AAC A AAT AC TGG AG AGO A ATCGGAAGGAGAAG A TGA 

Ser Leu Leu Arc Ser Phe Ser Tyr Vcl Vci Tyr Asp Leu Ser Leu Ale Pre Leu Phe Tyr 

ATATTGCTACCTCTTACTTCCATCTCCTCCCTCACCCCCTTTCCTACTTGGCATGGTCAA ^SO 
TATAACGATGGAGAATGAAGGTAGAGGAGGGAGTGGGGGAAAGGATGAACCGTACCAGTT 

lyr lie Ala Fnr Ser Tyr Phe His Leu Leu Pro His Pro Leu Ser Tyr Leu Ala Trp Ser 

TCTATTGGGCTCTCCAAGGCTGCATTCTCACCGGCGTTTGGGTCATCGCACATGAGTGCG 5^0 
AGATAACCCGAGAGG7TCCGACGTAAGAGT6GCCGCAAACCCAGTAGCGTGTACTCACGC 

Cle Tyr Trp Ale Lsu Gin GJy Cys He Leu Tnr C!y Vc! Trp Vd (ie Ale His Glu Cys 

GTC ACC ATGCC T TT AG TG AC TACCAATGGG 7 TGA7GAC A TGGTTGGCCTAACCCTTC ACT 600 
CAGTGGTACGGAAATCACTGATGGTTACC.CAACTACTGTACCAACCGGATTGGGAAGTGA 

Gly His His Ala Phe Ser Asp Tyr Gin Trp Vcl Asp Asp Met Vcl Gly Leu Thr Leu His 

CTGCTCTTTTAGTTCCATACTTTTCATGGAAGATTAGCCACTGTCGCCACCACTCTAACA 660 
GACGAGAAAATCAAGGTATGAAAAGTACCTTCTAATCGGTGACAGCGGTGGTGAGATTGT 

Ser Ala Leu Leu Vol Pro Tyr Phe Ser Trp Lys He Ser His Cys Arg His His Ser Asn 
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CCGGCTCCCTTGACCGAGATGAGGTGTTTGTCCCCAAGCCGAAATCCAAAATGCCATGGT 720 
GGCCGAGGGAACTGGCTCTACTCCACAAACAGGGGTTCGGCTTTAGGTTTTACGGTACCA 

Thr Gly See Leu Asp Arg Asp Giu Vcl Phe Vol Pro Lys Pro Lys Ser Lys Met Pro Trp 

TTTCTAAGTACTTCAACAACCCACCAGGTAGGGTCCTCACTCTTTTGATCACACTCACTC 780 
AAAGATTCATGAAGTTGTTGGGTGGTCCATCCCAGGAGTGAGAAAACTAGTGTGAGTGAG 

Phe Ser Lys lyr Phe Aan Aan Pro Pro Gly Arg Vol Leu Thr Leu Leu lie Thr Leu Thr 

TAGGCTGGCCCTTGTACTTA6CCTTGAATGTTTCTGGCCGACCCTATGATCGTTTTGCTT 8^0 
ATCCGACCGGGAACATGAATCGGAACTTACAAA6ACCGGCTGGGATACTAGCAAAACGAA 

Leu Gly Trp Pro Leu Tyr Leu Ala Leu Aan Vcl Ser Gly Arg Pro Tyr Asp Arc Phe Ale 

GCCACTATGATCCCTATGGCCCCATTTATTCCAATCGCGAAAGGTGTCAAATATTTGTCT SCO 
CGGTGATACTAGGGATACCGGGGTAAATAAGGTTAGCGCTTTCCACAGTTTATAAACA6A 

Cys Hia lyr Asp Pro Tyr Gly Pro lie Tyr Ser Aan Arg Gkj Arg Cys Gin He Phe Vol 

CGGATGCTGGTGTCTTTGCTACAACTTATGTGCTTTACTACGCAGCAATGTCAAAAGGGC 96C 
GCCTACGACC AC AGAAACGATGTT3AATAC ACGAAATGATGCGTC6 LTAC AG TTTTCCCG 

Ser Asp Ale Gly Vol Phe Ale Tnr Thr lyr Vcl Leu Tyr lyr Ale Ale Met Ser Lys Gly 

TGGCATQGCTTGTATTCATTTATGGTATGCCATTcCTCATAGTGAATGGCTTCCTTGrAT iCCO 
ACCGTACCGAACATAAGTAAATACCATACGGTAACGAGTATCACTTACCGAAGGAACATA 

Leu Ale Trp Leu Vcl Phe He Tyr Gly Mex Pro Leu Leu He Vcl Asr. Gly Phe Leu Vci 

taatcacctacttgcagcacactcaccctgcattgccgcactatgactcatcagaatggg 1080 
attaStggatgaacgtcgtgtgagtgggacgtaacggcgtgatactgagtagtcttaccc 

Leu lie Thr Tyr Leu Gin His Thr Kla Pro Ale Leu Pro Hia Tyr Asp Ser Ser Giu Trp 

attggcttaggggggcattggcgacggcggatagagattacggaatgctgaataaggttt 1 mo 
taaccgaatccccccgtaaccgctgccgcgtatctctaatgccttacgacttattccaaa 

Asp Trp Leu Arg Gly Ale Leu Ala Tnr Ale Asp Arc Asp Tyr Gly Met Leu Aan Lys Vcl 

TCCACAATATCATAGACACCCATGTGGCTCACCATCTCTTCTCTACCATGCCTCATTACC 1200 
AGGTGTTATAGTATCTGTGGGTACACCGAGTGGTAGAGAAGAGATGGTACGGAGTAATGG 

Phe Hia'Aan tie lie A^p Thr Hia V^l Ale Hia Hia Leu Phe Ser Thr Met Pre Hla Tyr 

ATGCAATGGAAGCCACCAAAGCAATCAAGTCAATATTGGGCAAATACTACCAGTTTGATG 1250 
TACGTTACCTTCGGTGGTTTCGTTAGTTCAGTTATAACCCGTTTATGATGGTCAAACTAC 

Hia Ala Met Giu Ale Thr Lys Ale lie Lys Ser lie Leu Gly Lys Tyr Tyr Gin Phe Asp 

GCACTCCAGTTTACAAGGCAGTGTGGAGGGAGGCTAAAGAGTGCCTTTATGTTGAGTCGG 1320 
CGTGAGGTCAAATGTTCCGTCACACCTCCCTCCGATTTCTCACGGAAATACAAC TCAGCC 
Gly Thr Pro Vol Tyr Lys Ala Vdl Trp Arg Giu Ale Lys du Cys Leu Tyr Vol Giu Ser 
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ACGAGGGGGCCCCTAACAAAGGTGTTTTCTGGTATCAGAGCAAGCTGTGATATTGGCTGG 133C 
TGCTCCCCCGGGGATTGTTTCCACAAAAGACCATAGTCTCGTTCGACACTATAACCGACC 
Asp Glu Gly Ala Pro Aan Lys Gly Vcl Phe Trp Tyr CIn Ser Lys Leu 

ATAGAGCCAAAGAAAATGTGATTAGTAAGGTAGTGTCTTTGGTCAGTTTGGTGTGTTAAG liiac 
TATCTCGGTTTCTTTTACACTAATCAT7CCATCACAGAAACCAGTCAAACCACACAATTC 



GAACAAATAATAATAATTAGCGACTATGAATAGTTATTGTTAAAC-AAAATTCACCCTTAT 1 5CC 
CTTGTtTATTATTATTAATCGCTGATACTTATCAATAACAATTTGTTTTAAGTGGGAATA 



GTTTAGC AGGAAC TTT 7CTGGC T AC AC 777 TTTTCG TA TGAAAA6C3C A TATTTTTTiA^ 
CAAATC67CC77GAAAAGACCGA7GTGAAAAAAAGCATACT777CGCGTA7AAAAAATTA 



TGT7 A7 A7 TG T7 77G AC AT7 AC 7C A AGCr7CAAAAT7AA7 A 7C AC AG A AAA7A7CC A A 7G iSZZ 
ACAA7A7AACAAAAC7G7AA7GAG77CGAAGT77 7AA7 7A7AG7G7C7 7 77A7AGG7 7AC 



7CGAAGG7 7 7CA7 7G7AGG7 7GAAAACTr7A7A7 73AGG7GG 1652 
AGC77CCAAAG7AACA7CCAAC77 77GAAA7i7AAC7CCACC 
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10 20 30 ^0. 50 

' > * « * i 



tccaacgctctctcctacgctcgttctca vatGttgtttatgccctctcc 50 

ttagccttcctcttctactatattgctacctcttccttccatctcctccc ICO 

tccccccctttcctacttggcatcgtcaatctctxggcctctccGGggct » 50 

gcattctcGCcgccgtttcggtCGtcccccstccctcccctcccictccc 200 

tttactGGCtcctcctggcttcctgccatggttcccctCGCCCttccctc 250 

tgc tct t ttGgt tccatacttttcGtcgacGcttcccccctGtcGccccc 3CO 

GCtCtGGCGCCQGCtCCCttgGCCGGgGtgCQGtCtttCtCCCCGGGCCC 350 

aGGtcccacatgccctggttxtctGogtacttcGGCGCcccGccGCGtcc ^00 

ggtCCtCGCtCttttgG-CGGCCtCGCtctCGQC-GgCCCttgtGCttGG ^50 

ccttgGctgtt tctggccgGcccta-GGtCG-:-:--cc--ccccctctgct 500 
ccctctgcccccatttGttcccc-cGcgccccG-ctccGGtGtfrg-ctc 550 
ggctgctGGtgtctttgctcccGcttctgtcctt^ccctGCGCGCCGctgt 600 

GGCGaCCGCtcgCGtgGCltctGtXCGttTCtaC'rctCCCGwtCC tcctG 550 

gtgGGtCGCtxccTtgtGttGctcGcctGcttccGcccccc tccccc-rcc 7CC 

CttgCCGCCCtGtCGCtCCtGCGGGtGGgGttCCCttCggCCCCCCZTGC 750 

cgccgcccccTccccattGcgcGctgc'tgGG-GGGGttttccccGGtctc SCO 
GtGGGCGCccatgtggc tccccctctcttctctcccG-ccctcGXtcccc 550 
tgcGCtggacgccGCCCGGgccatcGagtccctct'cggcGGGGtcctccc 900 
GgtttgctcgcGCtcccGtttGCCGggccg-GtgccgcgGggc-cccgag 950 
tgcc 1 1 tctgT tgcg tcggGGCGCGCGGCccc -cccacGGc zzztzzctz : CCC 
c^GtccccgcGcgctctgGtettcGCtccctccccccccccGCGGtctcc 1 050 
t-GgtCGggtGgtctctttcgtccctttcctc-c-rcccGGGCccctcc- i 100 
GGtGGtTcgcgcctGtgcGtcctTcttcttccc ; 133 



Fig. 3 - Nucieottcie sequence of cCNA clone ^'I' 
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Fig 4 - Nucleotide sequence alignment of clones ''I'' (I.SEQ) and 

^Na" (N2.SEQ) . 

I I.SEQ 

1 CCTCATAAAAAAGTa.AGCTCfcTTTACCTCAA<5TAGGGTTT H2.SeQ 

X «- I.SEQ 

41 CCTTATG AC AAATGAGTCCCGCAATCCTTTTCTATGAGGT H2.SSQ 

X I.SSQ 

81 GCTATAATTGCAAATGTCCAAATCATAGGGATATGGATCC N2.SSQ 

1 I.SSQ 

121 AAATACTATTAATATTATGTACtGTGTTTTTTTTTTTCCC M2.SEQ 

I r.ssQ 

161 TCAAATTTACTCTCACACCTAACTTGATTTTCTCCAGCA T'M2.SEQ 

I t.SSQ 

201 TGGACAtACCCTCTGTAGACAATGGGAGCTAGAACCCCAA »2.SEQ 

I l.SZQ 

241 TGCCTGCTACCAACAAGCCTAAAGAGCAAAAAACACCCAT 3^2. SSQ 

i • Z.SZQ 

281 CCAGCGAGCACCACACACAAAACCCCC. ATTCACTCTTAGC K2. SSQ 

1 rCCAACGCT I. SZQ 

321 CAACTCAAGAAAGCCGTCCCACCCAATTGT7TCCAACGCT M2 .SSQ 

10 C?CTCCTACGC7CGT?CTCATA?GTTGTTTA?GACCTCTC I. S£Q 

3S1 CTCiCCTACGC?CGT?C7CATATCTTCTT?A7CACCTCTC N2.5SC 

3C CTTAGCCTTCCTCTTCTACTATATTGCTACCTCTTACtTC I .SZQ 

401 CTTAGCCTTCCTCTTCTACTATATTGCTACCTCTTACTTC H2. SEQ 



90 CATCrCCTCCCTCACCCCCTTTCCTACTTCGCATCGTCAA I. SSQ 

441 CATCTCCtCCCTCACCCCCTTTCCTACTTGGCATCCTCAA M2 .SSQ 

130 TCTATTGGGCtCTCCAAGGCTGCATTCTCACCGGCCTTTG I .SCO 

431 T C TATTGGGCTCTCCAAGGCtGCATTCTCACCGGCGTTTG M2.SIQ 

170 G6TCATCGCACATGACTGCGGTCACCATCCCTTTAGTGAC t. SZQ 

521 GCTCATCGCACATGAGTGCCGTCACCATCCCTTTAGTGA.C H2.SSQ 

210 TACCAATGGGTTGATGACATGCTTGGCCTAACCCTTCACT I.SEQ 

$61 TACCAATGGCTTGATGACATGGTTG6CCTAACCC7TCACT N2.SSQ 

250 CTGCTCTTTTACTTCCATACTTTTCATGCAACATTAGCCA t.SEQ 

601 CTGCTCTTTTAGTTCCATACTTTTCATGGAACATTAGCCA H2.SSQ 

CSO CTCTCCCC.*. CCACTCTAACACCCGCTCCCTTGACCGACAT £ ,SSQ 

641 CTGTCGCCACCRCTCTAACACCGGCTCCC7T C A C C G A C A T N2.SEQ 

330 GACCTGTTTGTCCCCAACCCGAAATCCAAAATCCCATGCT t. SEQ 

681 GACGTGTTTGTCCCCAACCCGAAATCCAAAATGCCATGCT. K2. SZQ 

370 TTTCTAAGTACTTCAACAACCCACCAGGTAGCCTCCTCAC X. SEQ 

721 TTTCTAAGTACTTCAACAACCCACCAGGTACGCTCCT. CAC M2. SEQ 

410 fCTTTTGATCACACTCACTCTACGCTGCCCCTTGTACTTA I.SSQ 

761 TCTTTTCATCACACTCACTCTACGCTGGC C C TTCTACTTA N2.SCQ 

450 CCCTTGAATCTTTCTGGCCCACCCTATGATCGTTTTGCTT I .SEQ 

801 GCCTTCAATCTTTCTGGCCCACCCTATCATCCTTTTCCTT HI. SEO 
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490 GCCACTATCATCCCTATGGCCCCATTTATTCCA^ATCCCGA r.3EQ 

841 GCCACTATGATCCCTATOGCCCCATTTATTCCAATCGCGA M2.SSQ 

530 AAGGTGTCAAATATTT6TCTCGGATGCTGGTGTCTTTGCT I.SSQ 

sax AAGGTGTCAAA'TATTYGTCTCGGATGCTGGTGTCTTTGCT tIZ.SEQ 

570 ACAACTTATGTGCTTTACTACGCAGCAATGTCAAAAGGGC I»SEQ 

92X ACAACTTATGTGCTTTACTACGCAGCAATGTCAAAAGGGC N2 .SEQ 

610 TGGCATGGCTTGTATTCATTTATGG7ATGCCATTGCTCAT I.SEQ 

961 TGGCATGGCTTGTATTCATTTATGGTAtGCCATTGCTCAT M2.SSQ 

650 ACTGAAtGGCTTCCTTCTATTAATCACCTACTTGCAGCAC I.SEQ 

lOOX AGTGAATGGCTTCCTTGTATTAATCACCTACTTGCAGCAC M2.SSQ 

690 ACTCACCCTGCAT7GCCGCACTATGACTCATCAGAATGGG I.SEQ 

1041 ACTCACCCTCCATTGCCGCACTATGACTCATCAGAATGGG N2.SEQ 

730 ATTGGCTTAGGGGGGCATTGGCGACGGCGGArAGAGATTA I.SEQ 

X08X ATTGGCTTAGGGGGGCATTGGCGACGGCGGATAGAGATTA N2,SSQ 

770 CGGAATGCTGAATAAGGTTTTCCACAATATCATAGACACC 1. SZQ 

1121 CGGAATGCTGAATAAGGTTTTCCACAATATCATAGACACC N2.SEQ 

8X0 CATGTGGCTCACCATCTCTTCTCTACCATGCCTCATTACC I.SEQ 

XX6X CATGTGGCTCACCATCTCTTCTCTACCATjCCCTCATTACC N2.SEQ 

850 ATGCAATGGAAGCCACCAAAGCAATCAAGTCAATATTGGG 1 .SEQ 

X201 ArGCAATGGAAGCCACCAAAGCAATCAAGTCAATATTGGG N2.SEQ 

890 CAAATACTACCAGTTTGATGGCACTCCAGTTTACAAGGCA I. SEQ 

1241 CAAAtAC7ACCAGTtT3ATGGCAC7CCAG?TTACAAGGCA H2.StQ 

930 G-G?GGA'SGCAGGCTAAAGAGTGCCTTTATGr?GAGTCGG t. SEQ 

I28I GTGTGGAGGGA^GCTAAAGAGTGCCXTTATGTTGAGTCGG H2.SEQ 

970 ACGAGGGGGCCCCTAACAAAGGTGTTTTCTGGTATCAGAG 1. SEQ 

X32X ACGAGGGGGCCCCTAACAAAGG7GTTTTCTGC7ATCAGAG N2 .SEQ 

XOXO CAAGCTGTGATATTGGCTGGATAGAG C C AAAGAAAATGTG I.SIQ 

X36X CAAGCT6TGATATTGGCTGGATAGAGCCAAAGAAAATGTG N2.SSQ 

X050 ATTAGTAAGGTACTGTCTTTGGTCAGTTTGGTGTGTTAAG I. SEC 

X40X ATTAGTAAGGTAGTGTCTTTGGTCAGTTTGGTGTGTTAAG N2. SEQ 

1090 GAACAAATAATAATAA77AGCGACTATGAATAGTTATTGT t.SSQ 

X441 GAACAAATAATAATAATTAGCGACTATGAATAGTTATTG7 N2.SEQ 

XX30 T A A A I.SEQ , 

1481 TAAACAAAATTCACCCTTATGTTr.^GCAGGAACT7TTGTG fil2 .SEQ 

1133 I.SEQ 

XSSI GCTACACTTTTTTTCGTATG.AAAAGCGCATATTTTTTAAT N2.SEQ 

1133 I.SEQ 

X561 TGTTATATTGTTTTGACATTACTCAAGCTTCAAftATTAAT H2.SEQ 

1133 r.SEQ 

X601 ATCACAGAAAATATCCAATGTCGAAGGTTTCATTGTAGGT N2.SEQ 

1133 I.SEQ 

X641 TGAAAACTTTATATTGACCTGG N2.SSQ 
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1 MO A JR Sj R M PI- Aitt N K P[K 1E <3 K TIP{I Q)Ri Al P; H JTjK P_P F!_T!L S Q^K K AIJJ^ N2 . PRO 

1 :M G A G G r |t 0> V Pj P A II RjK S EjV|DJ:-L.K R V P:" F E K P^^F 5 L S Qijj K K A I. 1.43921. PRO 

1 ImGAGGRMPV P tI s S k Ik S ei T'DlT T iK R V pt C ?E K P P F Si V G o Il K K A I! L26296.PRO 

40 iTTHjc P Q R S:l!l R S F S Y VV Y 0 ^ S x/TTh^T^r TjTTiSjT F H L L P'HjT M2,?aO 

41 iP P H C FJSLjR S|v[l R S P S X V V Y 0 l!T;I AX^J^Y Y V A TfHlY PJ^t X. pjGipj L43921,PRO 
41 tP P g C fI k Ir Si r p Ir S F S y! l I sID4I i !i aI s Ic F Y Y V a tI mIy f!s ;l L p' oIpI L26296.PR0 



80 jL S Y L A W: SU Y W aIl 

81 |L s jF R g M Ail_Y W a[ V 
81 LSYLAW-P LiY W Ai C 



QGCILTGVWVIAHECGHHAPSDY QJLJ^D D M2.PR0 

Q G GJL" VIAHECGHHAPSOY QUhL O Di L43921.PRC 

Q g Cj V :L T G I ; W VIAHECGHHAFSPYQWLDD L262 96 , PRO 



120 WV G L;TiL HSALLVPYPSW Kl S K:_CjR H H S M T G S U_OiK 0 E V F V P K. N2.PR0 

X21 liv G L r Ji.H S^L LVPYFS9fKYSHRRttKSNTGSLSRDEVrVPK' L43921.FRO 

121 T ^V G L X T 'H S- F iL LVPYrSWKYSHRRHHSHTGSLERDEVrvPK L26296.PRO 



160 2: K S K M P« W; F^S K YjJjN NPPGRVLTL L^T LTLGWPLYLALNVSG N2 . FRO 

161 0 K S C I K W Y^K Y L N N P^G R V L T L A V T L 7 L G W P L Y L AJ^^N V S G L439tI.rRC 
0 K s' a I K W Y G K Y L N W P L G R I MMJLTV_Q F V LGWPLYLA r M V S G L26296.PRO 



200 RPYORFACEYOPYGPIY SJI_R £ R^C I rVSDAGVFATTYVLY N2 . PRC 

201 R P Y O^r A C 5 Y D P Y G P I Y^O RSRLQIYISDA « JLL* A T V L _F L4392i.?RO 
201 R P Y D G F A C g- F F>N A P I Y' N D R S R L 0 I Y t S D A G I L A-V C r G L Y L26295.?RO 



140 X A A M^K G L A W L IYG_«_?LI._I_VNGFLVI.ITJ^LQHTii?ALP N2.PRC 

241 R L AJS^A^G JL^AJT V J£^C- V- Y G V P L L V_ ^ H C_T L V Z 1 T J^h Q R T 'r. ^ JL^ ? L4332i.PRO 
241 ^ Y A^ A^Q^M_A: S M ICL YGVPLLZVW A FLVLZTYLQHTHP S L? L26296.PRC 



280 a Y^S SEWOWLRGALA T^O ROY GJ4^I. MXVFKNI^OTKVAKEL M2.PP.0 

281 H Y X S SEWOWLRCALATVOROYCILNKVrKNITOTKVAKHL L4392i , PRC 
291 HYOSSEWDWLRGALATVOROYGILMiCVFHMITOTaVAKHL L26296.PRO 



320 FSTe^PfiYKAMSATRAI ^S^l h G K.Y Y^F 0 G^ T P V Y_^K A.JTW R E A^ N2.PR0 

321 ;F S T M P H r H^A MEATKAIKPILGEY Y.R.r O^T P F JJ^iC_A E A^ 1.43921. PRO 
32i rSTMPnY N AMSAtKAIKPILG O YYQrDGTP WYV AM Y REAR L26296.5RO 



360 E CJL;Y V E^OE OAPMKGVFW Y Q S K L N2 . PRO 

361 E C I Y V S P d'q S T E s;k G V J_V Y N M K L L43S2:.?RO 
361 E C I Y V E P D R E G D K ^K G V Y W Y W M K L _ L26296.PRO 



Pig, 5 - Aminoacid sequence alignment of A12 desaturase from 
hazelnut (N2.PR0), Arabldopsis {L26296.PRO) and soybean 
(L43921.PRO) . Homologous residues are boxed. 
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Fig. . 6 - HoBiolocy between aazel ^12 desatxxrase ajid otziier 



1.43921: 
U22j73 : 
L2S295 : 

L22931 : 
aO9303 : 
X73311 : 
ArK5AD3 

XS3364 : 



^12 desaturase tne endoolasiaic reciculua of soya 
^12 hydroxylase of ricin 

^12 desaturasa of the endoplasmic raticulua of 

Acahldopsls ttsSlana 
iXlB plasTiid dasaturase of AraJDidapsls tti&liana 
A 12 plastiid desaturasa of AraJDldopsis thaliana 
iil2 plastid desatiurase of spinach' 
^15 desaturasa of the endcoiasuiic reticulLaa of 

AjraJsldopsis uhaiiaiia 

piastiid desaturasa of race 



iVote: fid: not detsr^lned since the 
known . 



ixno-acic sequence 



Is net 
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Fig. 7 - Northern blot of RNA of Montscelio leaves (line 1) , 

Nocchione leaves (line 2), Monnebello kernels (line 3), Mccchione 

kernels (line 4), and San Giovanni kernels (line 5). Ttie RNA 
was hybridized with the I clone of cOMA. 
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